Introduction
Supercapacitors (SCs) are excellent power sources for electronic devices and automotive application due to their high power density, better energy density and durability [1] . Based on the charge storage mechanism, the SCs have been classified into two categories; one as electrochemical double layer capacitors (EDLCs) that use double-layer capacitance arising from the separation of charge at the interface between the solid electrode/electrolyte, and the other as pseudocapacitors which utilize fast faradaic redox reactions that occur near the electrode surface or takes place inside the bulk of the materials [2, 3] . In recent years the pseudocapacitance materials like metal oxides, sulfides, hydrides and conducting polymers received considerable attention in energy storage applications [4] [5] [6] [7] [8] [9] [10] . The large specific capacitances and high energy density of these materials can meet the demand of high power and energy density in modern devices than that of carbon based electric double-layer capacitors. The metal oxides such as RuO 2 , NiO, Co 3 O 4 , MnO 2 etc., have been considered as better candidates for pseudocapacitance electrode materials [11] [12] [13] [14] . Among these MnO 2 is of particular interest due to its low cost, low toxicity, high theoretical capacitance, and excellent capacitive performance in aqueous electrolytes, which adds more potential towards supercapacitor electrodes [15] [16] [17] . The charge storage mechanism of MnO 2 is based on fast faradaic redox reactions either that occur near the electrode surface or takes place inside the bulk of the materials over an appropriate range of potentials [18] [19] [20] . In order to achieve high capacitive performance, a large surface area and a fast ion/electron transport by the electrode material are required.
Generally, MnO 2 was the most studied material due to its promising electrochemical properties; but its specific capacitance values are still far below the theoretical value. The poor electronic conductivity and limited surface area are responsible for low specific capacitance values in MnO 2 based SCs [21, 22] . Several attempts have been made to improve the capacitive performance of MnO 2 by the addition of conductive additives like carbon nanotubes, polymers, graphene and other composites to enhance the electron transport properties to attain a reasonable capacitance value [23] [24] [25] [26] [27] . Moreover, various transition metal oxides such as Ni, Pb, Mo and V oxides [28] [29] [30] [31] that have been incorporated with MnO 2 show considerable improvement in the specific capacitance and overall performance of the SCs. Cobalt oxide is another excellent material for supercapacitor electrode, whereby addition of cobalt ions to MnO 2 shows a reasonable improvement in pseudocapacitive performances [32, 33] . Pramod [34] et. al., reported the doping of Co ions into the layered alkali MnO 2 that showed a considerable improvement in the conductivity of the electrodes, and following this work a series of reports have been published on Co-MnO 2 showing it to be a promising supercapacitor electrode material [35, 36] .
Apart from the conductivity and transport properties, the specific capacitance mainly depends upon the surface area of the materials. Various morphological structures of MnO 2 including nanorods, nanowires, nanosheets, nanoflakes, and nanoflowers [37] [38] [39] [40] have been synthesized and effectively studied for their electrochemical performance. Mostly an hydrothermal method was adopted for the synthesis of the above mentioned MnO 2 nanostructures. In general, the hydrothermal technique is a simple and effective green synthesis technique to fabricate nanomateriasl with different morphologies by optimizing the reaction temperature, time, pH and the active fill level or solvent used in the reaction. Large surface area nanostructures can be effectively synthesized on a large scale using this simple solution based hydrothermal technique [41, 42] . In this work we report the hydrothermal synthesis of Co-MnO 2 nanocomposites for electrochemical supercapacitor. Cobalt of various molar percentage (1, 2, 5, 10 %) were incorporated in MnO 2 and their electrochemical properties were studied extensively using cyclic voltammetry, galvanostatic charge/discharge tests and electrochemical impedance spectroscopy. Furthermore, the structural and morphology of synthesized nanoparticles were characterized by XRD, SEM, TEM, EDAX, and their surface area and pore size distributions were analyzed using a nitrogen physisorption technique. Teflon-lined stainless autoclave and maintained at 160 °C for 3 h in a hot air oven. Then the autoclave was cooled naturally to room temperature. The obtained precipitate was washed several times in double-distilled water by repeated centrifugation and ultrasonication. Finally, the product was dried in oven at 80 °C for 12 h and used for further characterization.
Experimental Methods

Synthesis of Co doped
Characterization
The crystalline structure of the synthesized samples were identified by using GBC MMA XRD (Australia) with Cu Kα radiation (λ=1. 
Electrode fabrication and electrochemical measurements
The bare and Co-MnO 2 electrodes were fabricated by mixing the active materials (70 wt%), acetylene black (20 wt%) and polyvinylidene fluoride (PVDF, 10 wt%) in N-methyl-2-pyrrolidone (NMP). The obtained paste was coated over a stainless steel substrate of exposed geometric area 1 cm 2 and dried at 100 °C for 12 h in a vacuum oven. The mass of the active material present in the electrodes was determined to be ~ 0.6 mg. Electrochemical studies such as cyclic voltammetry, galvanostatic charge/discharge and impedance measurements were performed at room temperature (~20 °C) using ZIVE -SP2 (Korea) electrochemical workstation in a three electrode arrangement, including a working electrode of bare or Co-MnO 2 electrodes, a platinum sheet counter electrode and a Ag/AgCl reference electrode in 1M Na 2 SO 4 aqueous electrolyte. The electrochemical impedance spectra (EIS) of the electrodes were measured in the frequency range of 0.01 Hz -100 kHz at an equilibrium open circuit potential 0 V with an AC perturbation of 5 mV in 1M Na 2 SO 4 electrolyte. sample. This might be due to the presence for Co(OH) 2 , since the peak corresponds to the (001) diffraction of Co(OH) 2 ; similar to that observed in bare Co sample prepared by this same route. of the nanowires. The TEM image of the 5% Co-MnO 2 sample has some agglomeration of short nanorods with the nanowires, which might be due to the presence of some impurity phase due to cobalt ions. In addition, the HRTEM image (Fig. 3 d) shows high crystallinity of the short nanorods over the surface of MnO 2 nanowires. The EDS analysis of the samples shown in Fig. 4 a and b clearly indicates the composition and the incorporation of Co ions in MnO 2 nanostructure. Additionally a small amount of the K + is present in both the samples. Based on the XRD results, the presence of K ions can be concluded to be due to the existence of K-birnessite type of MnO 2 structure in the synthesized samples.
Results and Discussion
Structural analysis
Morphological and surface area analysis
The specific surface area and pore size distribution of the MnO 2 and 5% Co-MnO 2 nanocomposite were obtained from an analysis of the desorption branch of N 2 gas isotherms method. Fig. 5 Fig. 5 ), both the samples have a narrow pore size distribution of around 3.7 nm. From this analysis, no considerable change in the surface area and pore size of MnO 2 samples due to the presence of cobalt ions is observed. The slight enhancement in the surface area of the CoMnO 2 sample may be due to the influence of the impurities observed in the TEM images.
Cyclic voltammetry studies
The cyclic voltammograms (CV) of the MnO 2 and Co-MnO 2 electrodes measured in 1M Na 2 SO 4 electrolyte at scan rates of 10 mVs -1 are shown in Fig. 6 . From the CV curves all the electrodes shows typical rectangular shapes, revealing the surface Faradaic reaction of the synthesized samples; that is, the surface electrosorption of Na + cations and the fast reversible successive surface redox reactions of the electrode by means of interaction/extraction processes of the proton according to Equation (3.1) [3, 45] :
Moreover, no characteristic redox peaks were observed in all electrodes; indicating that the electrode is charged and discharged at a pseudo-constant rate over the complete voltammetric cycle. The specific capacitances (C sp , Fg -1 ) were calculated from the CV curve according to Eq.
(3.2):
where, m is the mass of active material on electrodes (g), s is the potential scan rate (mVs electrode exhibits higher specific capacitance value than that of γ-MnO 2 of nearly the same surface area and morphology [3, 46] . This might be attributed to the existence of other two highly electrochemical active systems of MnO 2 like K-birnessite and α-MnO 2 in the samples.
Although these materials having low surface area, they can exhibit relatively high specific capacitances owing to their special type of layered structure with appropriate hydrate content and their promising Faradaic behavior [46, 47] .
Galvanostatic charge/discharge measurements
The galvanostatic charge/discharge is an effective measurement technique to study more about the charge storage properties and stability of the electrodes. electrode, the value is less compared to the 5% Co-MnO 2 electrode. This drop in C sp value confirms that the Co ions can improve the specific capacitance MnO 2 up to a certain concentration of dopant [36, 48] . This depicts some constraints in the pesudocapacitance reaction of the electrode with excess Co ions in Na 2 SO 4 electrolyte. Since, generally, cobalt based electrodes have a narrow operational potential window and require a basic electrolyte (KOH or NaOH) for supercapacitor applications compared with the MnO 2 based electrode materials, this might be the reason for the decrease in specific capacitance values in the case of higher concentrations of Co ions in MnO 2 electrode. Fig. 8a represents the relationship between the specific capacitance and current densities; all the electrodes show decay of C sp with respect to the increase in current density. The drop in specific capacitance with increase in current densities is due to the less involvement of the active materials, whereas at low current densities the current accumulation process is slow and all the active materials sites and pores are involved in the energy storage process [5, 39] . The cyclic stability of the MnO 2 and 5% Co-MnO 2 electrodes was also investigated by continuous charge/discharge measurements over 5000 cycles (Fig. 8b) at a constant current density of 5 Ag -1 . The 5% Co-MnO 2 electrode has superior cycling stability with 97.3% retention of initial specific capacitance after 5000 cycles, which is higher than the cyclic stability of bare MnO 2 electrode (92.8%). The better performance and stability of the 5%
Co-MnO 2 electrode could be due to the Co species facilitating the electronic conduction within the metal oxide [11, 48] .
Impedance spectroscopy
EIS analysis was performed for the electrodes to study the effect of Co species on the internal resistance, charge transfer and electrochemical kinetics of the electrodes. The obtained 
